During the past 2 years, an atypical clinical outbreak, caused by a highly pathogenic porcine reproductive and respiratory syndrome virus (PRRSV) with a unique 30-amino-acid deletion in its Nsp2-coding region, was pandemic in China. In this study, we generated four full-length infectious cDNA clones: a clone of the highly virulent PRRSV strain JXwn06 (pWSK-JXwn), a clone of the low-virulence PRRSV strain HB-1/3.9 (pWSK-HB-1/3.9), a chimeric clone in which the Nsp2 region containing the 30-amino-acid deletion was replaced by the corresponding region of the low-virulence PRRSV strain HB-1/3.9 (pWSK-JXwn-HB1nsp2), and a mutated HB-1/3.9 clone with the same deletion in Nsp2 as JXwn06 (pWSK-HB1-ND30). We also investigated the pathogenicities of the rescued viruses (designated RvJXwn, RvJXwn-HB1nsp2, RvHB-1/3.9, and RvHB1-ND30, respectively) in specific-pathogen-free piglets in order to determine the role of the 30-amino-acid deletion in the virulence of the highly pathogenic PRRSV. All the rescued viruses could replicate stably in MARC-145 cells. Our findings indicated that RvJXwn-HB1nsp2 retained high virulence for piglets, like RvJXwn and the parental virus JXwn06, although the survival time of piglets infected with RvJXwn-HB1nsp2 was obviously prolonged. RvHB1-ND30 exhibited low virulence for piglets, like RvHB-1/3.9 and the parental virus HB-1/3.9. Therefore, we conclude that the 30-amino-acid deletion is not related to the virulence of the highly pathogenic PRRSV emerging in China.
Porcine reproductive and respiratory syndrome (PRRS) is one of the most economically devastating diseases for the pig industry worldwide (14, 30, 33) . The disease was first reported in the late 1980s in the United States (19) ; similar clinical outbreaks occurred in Germany in 1990 and were widespread throughout Europe by 1991. The etiological agent of the disease-porcine reproductive and respiratory syndrome virus (PRRSV)-was identified in Europe and the United States in 1991 and 1992 (4, 7, 45) . By now, PRRS has become a wellrecognized global swine disease (1, 5, 17, 22, 41) .
PRRSV is classified in the order Nidovirales, family Arteriviridae, genus Arterivirus, along with equine arteritis virus (EAV), lactate dehydrogenase-elevating virus of mice, and simian hemorrhagic fever virus (6) . The virus contains a 5Ј-capped and 3Ј-polyadenylate single-strand positive-sense RNA genome of approximately 15 kb (8, 29, 37) . The viral genomic RNA contains at least nine open reading frames (ORFs)-ORF1a, ORF1b, and ORFs 2 (2a and 2b) to 7-and 5Ј and 3Ј untranslated regions. ORF1a and ORF1b, occupying the 5Ј terminus and three-fourths of the genome, encode the replicase polyprotein, which is considered to be autoproteolytically cleaved into at least 13 nonstructural proteins assumed to be associated with viral replication and transcription (9, 39, 42, 44) . ORFs 2 to 7 encode viral structural proteins (3, 25, 27) . Among the nonstructural proteins of PRRSV, Nsp2, the largest part of the cleavage product of the replicative protein, possesses a chymotrypsin-like cysteine protease domain (40) . The Nsp2 protein of PRRSV has an organization similar to that of the Nsp2 counterpart of EAV and can be divided into three major domains: the conserved N-terminal cysteine proteinase domain, a hydrophobic transmembrane region at the C terminus, and a heterogeneous and variable region of unknown function, which is the spacer region between the former two domains (49) . The biological functions of PRRSV Nsp2 are currently unclear, although EAV Nsp2 has been considered to assemble the replicative double-membrane vesicles in collaboration with Nsp3 (38) .
A number of studies have indicated that PRRSV Nsp2 is able to tolerate amino acid deletion and foreign gene insertion (10, 11, 13, 15, 20 34, 41) . It has been verified that an unparalleled large-scale, atypical PRRS outbreak in China in 2006 was caused by a highly virulent PRRSV strain with a unique 30-amino-acid (30-aa) deletion in its Nsp2-coding region (23, 41, 48) . The question of whether the deletion in PRRSV Nsp2 is related to its virulence and pathogenicity is becoming an interesting one. The emergence of the highly virulent PRRSV strain and the subsequent pandemic have brought great economic loss to the swine industry in China. Analyzing the relationship between the 30-aa deletion of PRRSV and its virulence and pathogenicity is helpful for understanding the associated molecular mechanisms. In the present study, we constructed four infectious clones: a clone of the highly virulent PRRSV strain JXwn06, a clone of the low-virulence PRRSV strain HB-1/3.9, a chimeric clone in which the Nsp2 region containing the 30-aa deletion was replaced by the corresponding region of the low-virulence PRRSV strain HB-1/ 3.9, and a mutated HB-1/3.9 clone with the same deletion in Nsp2 as JXwn06. We rescued the viruses and simultaneously investigated the pathogenicities of the rescued viruses in specific-pathogen-free (SPF) piglets in comparison with the pathogenicity of the parental viruses, in order to reveal the role of the 30-aa deletion in the virulence and pathogenicity of the highly virulent PRRSV strain.
residue were added to the forward primer for fragment A (34) . Amplicons were gel purified and subcloned into pEASY-Blunt vectors (Transgen, Beijing, China). Four fragments in subclone vectors were sequenced. Five point mutations, separately located in fragments B and C, were incidentally introduced by PCR. Return mutations were carried out by using the QuikChange Multi sitedirected mutagenesis kit (Stratagene, La Jolla, CA) and designed mutagenic primers by following the manufacturer's suggestions in the instruction manual (Table 1) . After the reaction was modified, fragments B and C were checked by sequencing again. A low-copy-number plasmid, pWSK29, was used to assemble the four overlapping fragments of JXwn06, as shown in Fig. 1A . Each fragment from D to A was excised from the subclone vector pEASY-Blunt by NotI and other specific restriction enzymes and was ligated into plasmid pWSK29 by T4 ligase (Promega, Madison, WI). After each ligation reaction, the product was transformed into Escherichia coli DH5␣ cells and grown overnight at 37°C in the presence of ampicillin. The full-length cDNA clone, plasmid pWSK-JXwn, was sequenced.
For the chimeric full-length cDNA clone, the partial Nsp2 fragment (1,378 nucleotides [nt]) of HB-1/3.9, covering the deletion region in JXwn06, was amplified by RT-PCR using primers W3F and W4R (Table 1) . Two suitable restriction enzyme sites (MfeI and SacII) in fragment A, within the full-length cDNA clone of JXwn06, were used to exchange the corresponding fragment of Nsp2. After a sequencing check, fragment A, with a partial Nsp2 fragment of HB-1/3.9, was inserted back into the pWSK-JXwn backbone (Fig. 1B) . The chimeric full-length cDNA clone was designated pWSK-JXwn-HB1nsp2.
The construction of a full-length cDNA clone for HB-1/3.9 was similar to that for JXwn06. The genome of HB-1/3.9 was divided into five fragments to be amplified with the primers in Table 1 . To render the low-copy-number plasmid pWSK29 suitable for HB-1/3.9 construction, a fragment with KpnI, PacI, SbfI, and SacI enzyme sites was inserted into it (Fig. 1C ). This modified plasmid was designated pWSK29M. The full-length cDNA clone, plasmid pWSK-HB1/3.9, was sequenced.
For the HB-1/3.9 cDNA clone with a 30-aa deletion in Nsp2, three overlapping segments around the two deletion regions were generated by PCR. Secondround PCR was performed to generate the deletion fragment by using the upstream primer from segment 1 and the downstream primer from segment 3 ( Table 1) , with the three overlapping segments as templates. A 1,287-bp fragment of the PCR product was digested with restriction enzymes MfeI (2,344 nt in the HB-1/3.9 genome) and XhoI (3,491 nt in the HB-1/3.9 genome) and was then ligated into the shuttle plasmid pEASY-Blunt-Fragment A, which had been digested by the same enzymes. The positive clone was sequenced and designated pEB-A-nsp2del30. Finally, pEB-A-nsp2del30 was inserted back into the pWSK-HB1 backbone (Fig. 1D ) and designated pWSK-HB1-ND30.
In vitro transcription and transfection. The full-length cDNA clone of JXwn06 and the chimeric full-length cDNA clone were separately linearized by cleavage with restriction enzyme PacI. Correspondingly, pWSK-HB1 and pWSK-HB1-ND30 were linearized by restriction enzyme SbfI. The capped RNAs were transcribed with SP6 RNA polymerase by using an mMessage high-yield capped RNA transcription kit (Ambion, Austin, TX) according to the manufacturer's instructions. The transcribed RNAs were individually treated with DNase I to remove the input plasmid and were purified with a MEGAclear kit (Ambion, Austin, TX) according to the protocol recommended by the manufacturer. The RNAs were quantified by spectrophotometry and then transfected into BHK-21 cells by using DMRIE-C reagent (Invitrogen) according to the manufacturer's instructions. The cell culture supernatant was obtained at 24 h posttransfection and was then serially passaged on MARC-145 cells. The cytopathic effect (CPE) was observed daily. The rescued viruses were confirmed by an immunofluorescence assay using two monoclonal antibodies: (i) SDOW17, which is specific for the N protein of PRRSV, and (ii) E3G11, prepared in our laboratory, which is specific for PRRSV Nsp2 (46) .
Detection of the rescued viruses. To differentiate the rescued viruses from the parental viruses, viral RNAs were extracted from cell culture supernatants of the infected cells by using a QIAamp viral RNA kit (Qiagen). RT-PCR was performed with selected primer pairs: J5Fϩ/J5R (for JXwn06, RvJXwn, and RvJXwnHB1nsp2), H5Fϩ/H5R (for HB-1/3.9, RvHB-1/3.9, and RvHB1-ND30), and DetectFϩ/DetectR ( Table 1 ). The products amplified with J5Fϩ/J5R and H5Fϩ/H5R were digested by BstBI and MluI (New England Bio, Beijing, China), respectively, to check the genetic markers, and the products amplified with DetectFϩ/DetectR were sequenced to check for Nsp2 substitution or deletion.
Genomic sequencing of the rescued viruses. The third-passage viral cultures of the rescued viruses were harvested and used for genomic sequencing by the method described above.
In vitro stability and growth kinetics of the rescued viruses. To assess the replication stability of the rescued viruses, the cloned viruses were serially pas-VOL. 83, 2009 30-aa DELETION IN Nsp2 IS IRRELATIVE TO PRRSV VIRULENCE 5157 saged (F1 to F12) in MARC-145 cells, and the CPE and the presence of genetic markers in the viruses were observed. Virus titers in cell cultures for each of three passages were determined by a microtitration infectivity assay and recorded as TCID 50 per milliliter by using the Reed-Muench method. Briefly, cells were prepared in 96-well plates and inoculated with virus suspensions (100 l/well), which were prepared by serial 10-fold dilution. After absorption for 1 h at 37°C, the liquids in the wells were removed, and DMEM with 5% FBS was added to the wells. Plates were incubated for an additional 72 to 96 h; virus titers were determined by the presence of a visible CPE. For the in vitro growth kinetics of the rescued virus, MARC-145 cell monolayers in T-25 flasks were infected with individual rescued viruses or with the parental virus at a multiplicity of infection of 0.01, washed with 0.01 M phosphate-buffered saline (pH 7.4) after adsorption for 1 h, and incubated at 37°C under a humid 5% CO 2 atmosphere in DMEM supplemented with 5% FBS. The virus-infected supernatants were obtained at various time points after inoculation. Viral titers were determined by a microtitration infectivity assay and were expressed as TCID 50 per milliliter.
Pathogenicity analyses of the rescued viruses. Thirty-five 6-week-old SPF Landrace piglets were obtained from the Beijing Center for SPF Swine Breeding and Management. The animals were randomly allotted to seven groups (five piglets per group). Each group was housed separately in a different isolation room, with individual ventilation. Each piglet was intranasally inoculated with 2 ml of virus containing 10 5 TCID 50 (JXwn06, HB-1/3.9, RvJXwn, RvJXwnHB1nsp2, RvHB-1/3.9, or RvHB1-ND30). The piglets in the control group were mock inoculated with the same dosage of MARC-145 cell culture supernatant. The animals were observed daily for clinical signs, and rectal temperatures were measured every day for 21 days postinoculation (dpi). Serum and nasal swab samples were also collected. Serum samples from the challenged animals were used for the titration of viral loads by a microtitration infectivity assay and for the detection of antibodies specific for PRRSV N protein by using an Idexx Herdchek PRRS 2XR ELISA kit. Nasal swabs were used for the detection of viral RNA by RT-PCR amplifying a 312-bp PRRSV ORF7 fragment in order to analyze the excretion of virus by the inoculated pigs. Statistical analysis. Data were expressed as means Ϯ standard deviations. The significance of the variability among the animal trials was determined by one-way or two-way analysis of variance using GraphPad Prism (version 4.0) software. Differences were considered statistically significant at a P value of Ͻ0.05.
Nucleotide sequence accession number. The genomic sequence of JXwn06 has been deposited in GenBank under accession no. EF641008.
RESULTS
The JXwn06 isolate exhibited high virulence for pigs. On day 2 postinoculation, all the inoculated pigs started to develop A NotI enzyme cleavage site was added to the 5Ј end of each fragment, while a 37-nt polyadenosine tail followed by PacI-SacI was added to the 3Ј end of the D fragment by PCR mutagenesis. The BstBI site between fragments A and B was created by mutation to be the genetic marker as well as the ligation site. An SP6 promoter with one nontemplated G residue preceded the viral genome. The fragments were inserted into the low-copy-number vector pWSK29 in order from D to A. The completed full-length clone was named pWSK-JXwn. (B) An Nsp2 fragment of 1,378 nt covering the deletion region in JXwn06 was amplified from HB-1/3.9. Two suitable restriction enzyme sites (MfeI and SacII) in fragment A were used to exchange the corresponding fragment of Nsp2. The completed full-length chimeric clone was named pWSK-JXwn-HB1nsp2. (C) Five fragments amplified from HB-1/3.9 were inserted into the modified plasmid pWSK29M to construct the infectious clone. PacI was added to the 5Ј end of each fragment, and MluI and SfiI were induced by PCR mutation to ligate the B and C fragments and the C and D fragments. This clone was named pWSK-HB-1/3.9. (D) A discontinuous 90-bp sequence in Nsp2 was deleted by integrating three overlapping segments using fusion PCR, and the product was then cloned into pEasy-A-ND30 using MfeI and XhoI. The modified fragment A, with a 90-bp deletion in the Nsp2 coding region, was finally assembled into the backbone of pWSK-HB-1/3.9 to construct clone pWSK-HB1-ND30. elevated body temperatures (Ͼ40°C) that lasted for 3 to 5 days ( Fig. 2A) and marked clinical presentations, including depression, anorexia, and lethargy, rubefaction on the skin and in the ears, respiratory distress, shivering, and diarrhea. Five 6-weekold nursery pigs died within 5 to 13 days; four of five 12-weekold finishing pigs died within 9 to 15 days, and one survived throughout the animal experiment period (Fig. 2B) . These data indicate that JXwn06 is a highly virulent PRRSV isolate with fatal pathogenicity for pigs.
The JXwn06 isolate had a characteristic 30-aa deletion in its Nsp2-coding region. The sequences of RT-PCR-generated overlapping cDNA fragments from JXwn06 were assembled into full-length consecutive sequences of 15,320 nt, excluding the poly(A) tail, with a 189-nt 5Ј noncoding region and a 150-nt 3Ј untranslated region. The genomic sequence of JXwn06 shared 89.7% nucleotide identity with the North American PRRSV prototype VR-2332, 99.4 to 99.6% identity with highly pathogenic PRRSV isolates (JXA1, HuN4, and JX143) de- c Restriction sites introduced by PCR are shown in boldface and specified in parentheses at the end of the sequence. The sequence of the SP6 promoter (underlined), followed by a nongenomic G (italicized), is added in the JAF and HAF primers. The mutated nucleotides (boldface italics) in primers JAR, JBF, HBR, HCF, HCR, and HDF were used to create BstBI, MluI, and SfiI restriction enzyme sites, both for fragment ligation and as genetic markers. Mutated nucleotides in site-directed mutagenesis primers (JBm5169, JBm6657, JBm7655, JCm9167, and JCm9965) are italicized. Each site-directed mutagenesis primer was 5Ј phosphorylated for maximum mutagenesis efficiency.
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on September 12, 2017 by guest http://jvi.asm.org/ scribed recently in China, and 97.2% identity with HB-1(sh)/ 2002 (an earlier strain), as well as 97.4% identity with the cell-adapted virus HB-1/3.9. Amino acid alignment revealed that JXwn06 had the same unique deletion of 30 discontinuous amino acids (located at aa 481 and aa 533 to 561) in its Nsp2-coding region as JXA1, HuN4, JX143, and SY0608, in contrast to the sequences of VR-2332 and the earlier Chinese isolates CH1a, HB-1(sh)/2002, and HB-1/3.9 (Fig. 3) . Viable viruses could be rescued from the four full-length cDNA clones. After the MARC-145 cell monolayers were inoculated with the supernatants obtained from BHK-21cells transfected with the transcribed capped RNAs at 24 h posttransfection and the virus collected from the infected MARC-145 supernatants was serially passaged, a typical PRRSV CPE could be observed at the first passage for all full-length cDNA clones. The four rescued viruses were individually designated RvJXwn, RvJXwn-HB1nsp2, RvHB-1/3.9, and RvHB1-ND30.
Identification by an indirect immunofluorescence assay, genetic marker checks, and partial Nsp2 sequencing for the rescued viruses were carried out at each of three passages. MARC-145 cells infected with the rescued viruses could be stained by monoclonal antibodies specific for the Nsp2 and N proteins of PRRSV (Fig. 4A) . By RT-PCR with primer pair J5F-J5R or H5F-H5R and restriction enzyme digestion, the 1,350-bp fragment amplified from the rescued viruses RvJXwn, and RvJXwn-HB1nsp2 could be cleaved into two fragments (approximately 600 bp and 750 bp) by BstBI; a 1,312-bp fragment from RvHB-1/3.9 and RvHB1-ND30 could be cleaved into two fragments (approximately 300 bp and 1,000 bp) (Fig.  4B) . RT-PCR and sequencing showed that a fragment of the expected size for the Nsp2 deletion region (682 bp for RvJXw and RvHB1-ND30; 772 bp for RvHB-1/3.9 and RvJXwnHB1nsp2) could be amplified from the rescued viruses (Fig.  4C) . The genomes of the third-passage cultures of the four constructed full-length cDNA clones are infectious and that viable viruses are recovered. All the rescued viruses could replicate stably, and RvJXwnHB1nsp2 displayed slower replication in vitro. The rescued viruses were subjected to serial passage in MARC-145 cells. The virus titers in passages 1, 3, 6, 9, and 12 were determined. As shown in Fig. 5A , the four rescued viruses could replicate stably in vitro. When the growth characteristics of the rescued viruses were compared with those of their parental viruses by one-step growth kinetics assays, it was shown that RvJXwn and RvHB-1/3.9 had growth curves similar to those of their parental viruses until they reached peak titers; subsequently, they exhibited titers lower than those of their parental viruses. However, it was found that RvJXwn-HB1nsp2 had a 12-h delay in reaching the same titer as RvJXwn (Fig. 5B) . At all time points before virus titers reached a peak at 84 h postinfection, RvJXwn-HB1nsp2 had a lower titer, with significant differences from RvJXwn and JXwn06 at 24 h, 48 h, and 72 h postinfection (P Ͻ 0.05), indicating that the replication rate of RvJXwn-HB1nsp2 on MARC-145 cells was lower than those of RvJXwn and JXwn06.
Both RvJXwn and RvJXwn-HB1nsp2 presented high-virulence for piglets, while RvHB-1/3.9 and RvHB1-ND30 exhibited low-virulence, like HB-1/3.9. The pathogenicities of RvJXwn, RvJXwn-HB1nsp2, RvHB-1/3.9, RvHB1-ND30, JXwn06, and HB-1/3.9 were analyzed and compared by an inoculation experiment performed with 6-week-old SPF piglets. Rectal temperature measurements indicated that the body temperatures of piglets inoculated with JXwn06, RvJXwn, or RvJXwn-HB1nsp2 started to rise at 24 h postinoculation and reached more than 40°C at 4 dpi. The peak in these three groups was 41.4°C (Fig. 6A) , whereas the body temperatures of pigs inoculated with RvHB-1/3.9, RvHB1-ND30, or HB-1/3.9 were significantly lower than those of the groups inoculated with JXwn06, RvJXwn, or RvJXwn-HB1nsp2. No body temperature reaction was observed in the control group during the experiment period.
Observation of clinical symptoms showed that piglets inoculated with RvJXwn or RvJXwn-HB1nsp2 showed signs of depression, anorexia, lethargy, rubefaction, respiratory distress, and shivering at 2 dpi, like piglets inoculated with JXwn06. In contrast, piglets infected with RvHB-1/3.9, RvHB1-ND30, or HB-1/3.9 had no obvious clinical presentations, except for occasional depression and anorexia when their body temperatures rose. Five piglets infected with JXwn06 died within 5 to 10 dpi; five piglets infected with RvJXwn died within 7 to 14 days. Compared with these two groups, the survival of the piglets infected with RvJXwn-HB1nsp2 was obviously prolonged; five piglets died within 10 to 17 days (Fig. 6B) , suggesting that replacement of the Nsp2 deletion region might lower the virulence of highly pathogenic PRRSV to some extent. However, RvJXwn-HB1nsp2 retained high virulence for pigs. All the animals in the groups infected with RvHB-1/3.9, RvHB1-ND30, or HB-1/3.9, as well as those in the control group, survived throughout the experiment period. These data suggest that the 30-aa deletion in the Nsp2 region had no obvious direct relationship with the virulence of highly pathogenic PRRSV.
RvJXwn-HB1nsp2 exhibited lower rates of replication and excretion in infected piglets, but no significant differences were observed between RvHB-1/3.9 and RvHB1-ND30. The virus loads in serum samples of infected piglets were assayed by a microtitration infectivity assay. As shown in Fig. 7A , the data revealed that virus titers in the sera of pigs inoculated with RvJXwn-HB1nsp2 were lower than those for pigs inoculated with RvJXwn or JXwn06 within 1 to 7 dpi (with significant differences compared with RvJXwn at 3, 6, and 7 dpi [P Ͻ 0.05]) but significantly higher than those for RvHB-1/3.9-, RvHB1-ND30-, or HB-1/3.9-infected pigs within 1 to 14 dpi. The levels of antibody specific for PRRSV N protein in infected pigs were examined by ELISA. The results indicated that serum antibody seroconverted on day 7 postinoculation in JXwn06-infected pigs, on day 8 postinoculation in RvJXwninfected pigs, and on day 9 postinoculation for RvJXwnHB1nsp2-infected pigs; RvHB1-ND30-and HB-1/3.9-infected piglets seroconverted on day 11 postinoculation, 3 days earlier than RvHB-1/3.9-infected piglets (Fig. 7B) , suggesting that the humoral immune response induced by RvJXwn-HB1nsp2 infection was generated later than that induced by RvJXwn or JXwn06. Nasal swab samples were examined by RT-PCR in order to analyze the excretion of virus by the virus-infected pigs. The results showed that RvJXwn-HB1nsp2-infected pigs started to excrete virus later than pigs infected with JXwn06 or RvJXwn but that there was no difference among pigs infected with HB-1/3.9, RvHB-1/3.9, or RvHB1-ND30 (Table 2 ). These findings suggest that the replication ability of RvJXwnHB1nsp2 was weaker than those of RvJXwn and the parental virus, JXwn06, in vivo.
DISCUSSION
Since May 2006, atypical PRRS (called porcine high fever syndrome in China) has been pandemic in major pig-producing areas of China. Studies have confirmed that the causative agent of this clinical outbreak was a highly pathogenic PRRSV strain, with a genomic marker consisting of a 30-aa deletion in Nsp2 (23, 41, 48) . First, we determined, through an animal inoculation trial, that the PRRSV isolate JXwn06 was a highly pathogenic virus. Complete sequence determination showed that the virus had the same genomic characteristics as the isolates described previously (23, 41, 48) , namely, a noncontiguous 30-aa deletion in its Nsp2. In recent years, reverse genetic operation methods have been extensively applied to study the genomic functions of PRRSV (11, 21, 26, 28, 31, 32, 34, 43) . A new study indicated that the rescued virus from an infectious cDNA clone of a highly pathogenic PRRSV variant was highly virulent for pigs (24) . In our study, a viable virus recovered from an infectious cDNA clone of JXwn06 induced typical clinical symp- toms identical to those observed in the field, displaying high pathogenicity for pigs, like the parent virus. Our present data unambiguously point to the same conclusion: highly virulent PRRSV is the etiological agent of atypical PRRS in China. Our data also provide further etiological evidence for the clinical outbreak in China. It was necessary to determine whether the 30-aa deletion in the Nsp2 of highly pathogenic PRRSV is related to its virulence, although the virus has been confirmed to be the causative agent of the emerging disease. This point is valuable for elucidating the molecular mechanism associated with the virulence and pathogenicity of PRRSV. Therefore, in this study, we rescued two mutant viruses: (i) RvJXwn-HB1nsp2, from a full-length infectious cDNA clone where the Nsp2 region containing the 30-aa deletion of a high-virulence PRRSV strain (JXwn06) was replaced with a corresponding 1,378-nt region from a low-virulence PRRSV strain (HB-1/3.9), and (ii) RvHB1-ND30, from a cDNA clone of HB-1/3.9 with a 30-aa deletion in Nsp2 corresponding to that in JXwn06. We systematically analyzed the pathogenicities of these mutant viruses for pigs together with those of the parental viruses and the rescued viruses from full-length infectious cDNA clones of JXwn06 and HB-1/3.9. This animal inoculation experiment indicates that RvJXwn-HB1nsp2 retains fatal pathogenicity for piglets. The five piglets inoculated all died, although the survival of the infected animals was prolonged compared with that of animals infected with the parental virus JXwn06 or the rescued virus RvJXwn. In contrast, RvHB1-ND30 maintained its low virulence, similar to that of the parental virus. These findings suggest that the 30-aa deletion in Nsp2 is not related to virulence. Interestingly, the replacement of the Nsp2 deletion region of JXwn06 with a corresponding region of a low-virulence PRRSV strain could make the rescued virus grow less vigorously. Meanwhile, our data based on analysis of growth characteristics in vitro and in vivo showed that (i) the replication rate of RvJXwn-HB1nsp2 on MARC-145 cells was lower than those of JXwn06 and RvJXwn; (ii) viral loads in the sera of pigs inoculated with RvJXwn-HB1nsp2 were significantly lower than those in pigs inoculated with JXwn06 or RvJXwn; (iii) the humoral immune response induced by RvJXwnHB1nsp2 infection was generated later than those induced by RvJXwn and JXwn06; (iv) RvJXwn-HB1nsp2-infected pigs started to excrete virus later than pigs infected with JXwn06 or RvJXwn, indicating a lower replication rate of RvJXwnHB1nsp2 on MARC-145 cells and in the host; and (v) RvHB1-ND30 showed no significant differences from the parental virus HB-1/3.9 in the features mentioned above. Previous studies have noted that infection of susceptible pigs with highly virulent isolates of PRRSV resulted in longer periods of viremia, increased severity of clinical signs, increased mortality, and significantly higher viral loads in blood and tissues than infection with mildly virulent or cell culture-adapted viruses (18) . Hence, our findings could not exclude the possibility that aside from the deleted 30 aa, the rest of the substituted fragment in HB-1/3.9 Nsp2 might contribute to the virulence and replication rate alterations in RvJXwn-HB1nsp2.
Nsp2 is recognized as the most variable region in the genome of PRRSV. Since the first natural Nsp2 deletion isolate, HB-2(sh)/2002, was identified as containing a unique 12-aa deletion at positions 470 to 481, a number of mutations, insertions, and deletions in Nsp2 have been documented (10, 13, 16, 36, 41) . Meanwhile, Nsp2 has become one of the vital regions for monitoring the evolution of PRRSV and for molecular epidemiology research on PRRSV (2, 10, 12, 13, 16, 35, 47) . Recently, mutations in the Nsp2-coding region resulting in a 403-aa manual deletion and expression of a foreign protein were reported (11, 15, 20) . Therefore, further investigations are required, particularly on the role of Nsp2 in the cell and tissue tropism, replication and growth, and variation and pathogenicity of PRRSV, as well as in the difference in virulence among various strains. The virulence of PRRSV is considered to be associated with multiple factors; it is not easy to identify the unique determinant region in the genome of PRRSV (43) . However, searching any genomic region or gene related to virulence is an essential step toward making a contribution to the understanding of the pathogenicity of PRRSV.
Taken as a whole, our findings indicate that the 30-aa deletion in the Nsp2-coding region of the highly virulent PRRSV 
